Insights into the function of a sperm-surface progesterone receptor: evidence of ligand-induced receptor aggregation and the implication of proteolysis.
Human spermatozoa have recently been introduced as a model for the study of rapid, nongenomic effects of steroids on the cell. Indirect evidence suggests the presence of a novel type of progesterone receptor on the cell surface; some cellular responses mediated by the receptor have been shown to be sensitive to protease inhibitors, but the molecular identity and the mode of function of this receptor are not known. Recent biochemical evidence showed that Ca2+ influx and a Ca(2+)-dependent exocytotic event (the acrosome reaction) can be induced in human sperm by antibody-mediated aggregation of the cell-surface progesterone receptor. These data suggested that progesterone receptor aggregation, occurring after ligand binding, may represent an early reaction in the signal transduction pathway. In this study we used cytological methods to examine ligand-induced changes in the distribution of the progesterone receptor in the sperm plasma membrane. We also examined the effects of trypsin and of trypsin inhibitors on the function of the receptor. Under the conditions of this study, neither trypsin nor trypsin inhibitors affected sperm viability, motility, or the acrosome reaction. However, the trypsin treatment completely abolished the ligand-binding activity of the sperm progesterone receptor. On the other hand, trypsin inhibitors did not influence the ligand binding despite their inhibitory effect on the ligand-induced exocytosis. The treatment with trypsin inhibitors was thus used to prevent the exocytotic reaction and so to preserve the plasma membrane for the study of ligand-induced receptor migration. The distribution of ligand-receptor complexes in the sperm acrosomal region remained homogeneous during incubation at 4 degrees C, but warming to 37 degrees C entailed a rapid formation of patches, followed by migration of the complexes towards the sperm equatorial region and ending by a virtually complete disappearance of the complexes from the anterior acrosomal region. It is concluded that aggregation is an early response of the sperm-surface progesterone receptor to ligand binding, that trypsin inhibitors block the function of the receptor downstream of the aggregation, and that some mechanism must exist in the plasma membrane to protect the ligand-binding site from digestion while permitting the protease action in the signal transduction mechanism.